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Abstract 
In the present study, clonal diversity and genetic differentiation of endangered liana species Monimopetalum 
chinense populations in Poyang Lake basin were studied by using inter-simple sequence repeat (ISSR) markers. 
According to the results, the effective conservation measures were produced. The results indicated that the population 
has high clonal diversity (D = 0.9969). In addition, there was great clonal differentiation among populations with no 
widespread genotyes. Genetic variation at the species level or at the population level are all lower (species level: PPB 
= 39.2%, HT = 0.129; Populations level: PPB = 15.64%, HS = 0.0557) than that of most other clonal plants. Strong 
genetic differentiation among populations was detected in M. chinense, with 49.06% of total genetic variation 
(AMOVA, Analysis of molecular variance), 0.5672 of Nei's gene differentiation coefficient (GST ) and 0.5464 of 
Shannon information index. The population fragmentation since the end of Tertiary period, genetic drift of small 
population size and the form of inbreeding reproduction would have contributed to such genetic differentiation 
among populations of M. chinense. Based on these findings, it was suggested that these populations with relatively 
high genetic diversity should be protected in situ whereas simultaneously raising public awareness of this rare species, 
so that the genetic diversity of M. chinense could be conserved effectively. 
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Introduction 
In recent years, clonal diversity, clonal size, and clonal structure of clonal plants have attracted intense 
interest among researchers in the field of clonal plant study[1-5]. However, there are few studies in China 
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on clonal diversity that used either the isozyme method[6-7] or the Random Amplified Polymorphic DNA 
(RAPD) [8]. Inter-simple sequence repeat (ISSR) markers have made success in the research on plant 
genetic diversity[9]. 
Monimopetalum chinense is an endangered clonal liana species of Celastraceae from southeast China, 
and it was named after the non-withering petal that lasts longer than its fruit. M. chinense is the only 
remaining Celastraceae monotypic genus plant in the transition environment from the central subtropical 
zone to the north subtropical zone of the south, and the middle and lower reaches of Chinese Yangtze 
River. It is currently distributed in the northern part of Jiangxi Province, south of Anhui Province, and 
southeast of Hubei Province, about 28o30'-30o10'(North Latitude) and 114o30'-118o10'(East Longitude). 
Narrowly distributed, it is a single endemic species. Small in number and distributed narrowly, it has been 
listed as a state Class 2 rare, endangered protection plant, because of its high phylogenetic, ecological, 
and medicinal signi¿cance[10].  
Current studies on M. chinense are limited only to its ecological and biological characteristics, 
morphologic anatomy, cytology, and genetic structure, among others[11-13]. The pattern of colonial growth 
is a guerilla style[14], which is closely related to the biological characteristics of M. chinense and its 
population strategies of ecological adaptation[11]. There is still no study on clonal diversity and genetic 
differentiation of the M. chinense population. It is difficult to determine the size of the effective 
population of a clonal plant or to detect the loss due to genetic variation. Their clonal diversity may be 
severely lost before people take proper measures of protection. Therefore, the study on clonal diversity of 
clonal plants should be reinforced. We should also take effective measures to protect them.  
Materials and Methods 
Materials .A total of 10 populations of Poyang Lake basin in Jiangxi, Anhui, and Hubei where M. 
chinense is distributed were surveyed. Its geographical location and sampling quantity(Table1), between 
12 and 20 individuals from each population were randomly selected according to population size, with 
over 10m of space between sampling plants. Fresh lamina was picked from the single plant of each 
population and placed in plastic bags with silica gel for dry preservation.  
DNA Extraction and PCR Amplification.The Cetyl Trimethyl Ammonium Bromide (CTAB) 
micromethod[15] was used to extract the total DNA from the lamina dried by silica gel. Then, agarose gel 
electrophoresis was performed for detection. A 100 ISSR primers (UBC Set No.9) purchased from the 
University of British Columbia, Canada were screened for the 10 most effective primers in this 
experiment, namely, 808, (AG)8C; 810, (GA)8T; 811, (GA)8G; 835, (AG)8YC; 841, (AG)8YG; 857, (AC)8YG; 876, 
(GATA)2 ; 880, (GGAGA)3; 889, DBD(AC)7; and 890, VHV(GT)7ǄConditions for PCR amplification were: each 20μL of reaction 
volume contained 2μL 10×Buffer, 2% Formamide, 2.375 mmol·L-1 Mg2+, 0.15mmol·L-1 dNTP, 225 
nmol·L-1Primer, 1.5 unit Taq DNA polymerase, and 20ng template DNA. Amplification process: 5 min of 
pre-denaturalization at 94  ć first, followed by 35 circulations, with each circulation including 15s of 94ć 
denaturalization, 45s of 48-50ć annealing (annealing temperature determined by primer), and 1min of 
72ć renaturation, and finally 10min of 72ć extension. The amplified product was stored in a 4ć 
refrigerator. 
PCR Product Identification .Put the PCR product in 1.5% agarose gel with Ethidium Bromide 
(0.1μg·L-1) and use a 0.5×TBE as an electrophoresis buffer for electrophoresis separation. A 100bp DNA 
ladder was used as a molecular weight marker. Finally, an ultraviolet imaging system (UVP, Upland, CA 
91786, USA) was used for imaging. 
Data Processing.POPGEN software[16]was used for genetic parameter analysis of all the populations. The 
percentage of polymorphic bands (PPB), Nei’s genotype diversity (He), Shannon index (Ho=-Pilog2Pi), 
total genetic diversity of population (HT), genetic diversity within a population (HS), genetic 
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differentiation coefficient among populations (GST) (GST =1-HS/HT), Nei’s genetic distance (GD), genetic 
identity (I), and so on, were respectively calculated. 
The clone’s genotype diversity and distribution evenness were presented through Simpson index 
(Pielou 1969)(D) and Fager index (Fager, 1972)(E), respectively. The calculation formula is as follows: 
D=1-{[ni (ni-1)]/[N (N-1)]}; E=(D-Dmin)/(Dmax-Dmin); Dmin=(G-1) (2N-G)/N (N-1); and 
Dmax=(G-1) N/G (N-1). In the formula, ni is the total number of sampled individuals (ramet), G is the 
total number of genotypes (genet), and ni is the number of individuals (ramet) with the ith genotype. 
The software AMOVA prep 1.0[17] and WINAMOVA 1.55[18] were used for molecular variation 
analysis within the M. chinense population and among other populations. 
Results and Analysis  
Clonal Diversity of M. chinense .Analysis of the measurement index (Table 1) of clonal diversity and 
distribution evenness of 10 populations of M. chinense tells us that all the populations are multiclonal. 
Each individual in populations JXFX, JXYX, JXWN, JXYS, JXDX, JXWY, and JXFL represents a clone. 
The clonal numbers of population JXJA, HBTS, and AHXN are 19, 18, and 19, respectively. The average 
clonal number of populations is 18.6, and the average clonal size is 1.0-1.11. The average genotype 
diversity and distribution evenness of population are 0.9969 and 0.0001, respectively. We can also see 
from the distribution of genotypes among populations that all genotypes are local and that there is no 
genotype of vast coverage (a genotype common in over 75% of populations). 
Genetic Differentiation of M. chinense Population.Ten ISSR primers induced 110 bands through 
amplification from 190 individuals of 10 populations of M. chinense, with each primer inducing 11 bands 
on average. The size of the amplification band ranged from 190 bp to 1800bp. There are 40 
polymorphous bands among 110 bands, a 39.2% polymorphous band percentage.  
Table1 Clonal diversity, distributional uniformity and genetic variation within populations of M. Chinense 
Population* N G N / G D E He Ho PPB ( % ) 
JXFX 
JXJA 
JXYX JXWN 
JXYS 
JXDX JXWY 
JXFL 
AHXN HBTS 
20 
20 
18 
20 
20 
12 
20 
20 
20 
20 
20 
19 
18 
20 
18 
12 
20 
20 
20 
19 
1.00 
1.05 
1.00 
1.00 
1.11 
1.00 
1.00 
1.00 
1.00 
1.05 
1.000 
0.995 
1.000 
1.000 
0.984 
1.000 
1.000 
1.000 
1.000 
0.995 
0 
0 
0 
0 
0.001 
0 
0 
0 
0 
0 
0.062 
0.061 
0.068 
0.063 
0.054 
0.029 
0.056 
0.054 
0.060 
0.050 
0.095 
0.090 
0.101 
0.093 
0.084 
0.045 
0.083 
0.081 
0.087 
0.073 
19.09 
15.45 
18.18 
17.27 
18.18 
10.91 
14.55 
15.45 
14.55 
12.73 
mean  18.6 1.02 
˄0.0375˅
0.997
˄0.0051˅
0.0001 0.056 
(0.01) 
0.083 
(0.016) 
15.64 
 *JXFX:Jiangxi Fengxin; JXJA: Jiangxi Jingan; JXYX: Jiangxi Yongxiu; JXWN: Jiangxi Wuning; JXYS: Jiangxi Yushan; JXDX: 
Jiangxi Dexing; JXWY: Jiangxi Wuyuan; JXFL: Jiangxi Fuliang; AHXN: Anhui Xiuning; HBTS: Hubei Tongshan. 
   ISSR detection (Table 1) of genetic variation within a population finds that among 10 populations of 
M. chinense, the polymorphous band percentage of a single population ranges from 10.91% to 19.09%, 
15.64±2.6% on average. Allele number ranges from 1.049 to 1.116, 1.101±0.02 on average. The average 
expected heterozygosity index (He) ranges from 0.029 to 0.068, 0.056±0.01 on average. Shannon 
diversity index (H0) ranges from 0.045 to 0.101, 0.083±0.016 on average at population level (HPOP), and 
0.056 on average at species level (HSP). Among 10 populations, genetic variation is highest in the JXYX 
population (PPB: 18.18%; He: 0.068; Ho: 0.101), and lowest in the JXYS population (PPB: 10.91%; He: 
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0.029; Ho: 0.045). 
The total genetic diversity (HT) and genetic diversity within a population (Hs) were used to calculate 
the differentiation level among populations (GST)(Table 2). The GST=0.5672 among 10 populations of M. 
chinense analyzed indicates that there is a 56.72% genetic variation among populations and a 43.28% 
genetic variation within a population.  
Table 2  Analysis of genetic differentiation among populations of M. Chinense 
 HT HS GST 
Locus mean 0.1287 0.0557 0.5672 
The result of AMOVA analysis is almost consistent with the genetic differentiation coefficient from 
Nei’s clonal diversity analysis. There is a 49.06% genetic variation among populations and a 50.94% 
genetic variation within a population. Both kinds of variation are extremely significant (P˘0.001) (Table 
3). The analysis of population genetic differentiation indicates a huge genetic differentiation among M. 
chinense populations. 
The analysis on genetic distance among M. chinense populations indicates that genetic distance is 
shortest between the populations of JXFX and JXWN(GD=0.033), and is longest between the populations 
of JXYS and AHXN (GD=0.159). The average genetic distance of GD =0.09 among 10 populations also 
demonstrates a big genetic differentiation among M. chinense populations. 
Table 3 Analysis of molecular variance (AMOVA) among/within populations of M. chinense 
Source of 
variation d. f 
Sum of 
squares 
Mean 
squares 
Variance 
component 
% of total  
variance P-value 
Among populations 9 69.75 3.62 3.49 49.06 ˘0.001 
Within populations 180 627.73 651.67 3.62 50.94 ˘0.001 
Discussion 
Clonal Diversity.The study of Widen et al.[19] on clonal diversity of clonal plants demonstrated that there 
was a great difference among clonal plants in genetic variation degree, genetic diversity, and spatial 
structure. For example, in Populus tremuloides studied by Cheliak and Dancik (1982), all 222 individuals 
were found to have different genotypes (D=1.00). However, Levin et al. (2002) only found three 
genotypes (D=0.13) from 200 individuals of Oenothera biennis. The more extreme case is that some 
clonal plants only have one clonal structure. For example, the genotype of 420 individuals from 15 
populations of Gaura triangulata is identical[19]. The present study finds that there are seven populations 
with all individuals having different genotypes among 10 populations of M. chinense. The clonal diversity 
is quite high in genotype category and distribution (D=0.9969), and the clonal differentiation among 
populations is large due to the absence of a widespread genotype. This may be attributed to the variation 
caused by somatic cell mutation and diversity of clonal gene maintained by genetic combination and 
generated by occasional sexual reproduction. Furthermore, many genotypes of M. chinense populations 
might be locally adaptive, which results in genetic differentiation among populations. 
Clonal diversity varies significantly among clonal plants studied by isozyme and other molecular 
marker techniques. For example, Sheffield et al.[20] found high clonal diversity during their study on the 
clonal plant Pteridium aquilinium. They believed a clonal plant will not necessarily form a large-scale 
genetic identity. Kreher et al. [21] use RAPD technique to perform clonal diversity study on the clonal plant 
Vaccinium stamineum. Their results demonstrated high genetic variation levels both within populations 
and among populations of the species. 
Some studies also found low clonal diversity levels of clonal plant. For example,Li and Ge [22] found 
only a 15.11% average PPB in seven populations and a high genetic variation at species level (70.5%) 
during their ISSR study on Psammochloa villosa (Poaceae). The clonal diversity conclusion of Hamrick 
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et al.[23] on 100 kinds of perennial woody plants shows a 49.3% PPB. The clonal diversity is lower in M. 
chinense than in the abovementioned studies (15.64%). 
Somatic mutation is a persistent source of genetic variation in clonal plants[24]. When selection 
pressure becomes invariable, genetic variation level will eventually become balanced. Here, the variation 
due to mutation is almost equal to elimination by natural selection. However, the genetic balance of clonal 
plant is less even than similar species which underwent sexual reproduction, one of the causes of low 
clonal diversity level among some clonal plants.  
Genetic Differentiation.Compared with species which were sexually reproduced, the genetic structure of 
clonal plants has certain differences. Clonal diversity is far higher among populations than within 
populations of some clonal plants. The clonal diversity of Psammochloa villosa is 62.16% genetic 
variation among populations with a significant population differentiation[25]. In this study, the M. chinense 
population differentiation coefficient GST=0.5672 and average genetic distance GD=0.09 among 10 
populations all demonstrate a big genetic differentiation among populations. 
Many evolution factors often affect the genetic structure of a species, including breeding system, 
genetic flow, seed dispersal, and breeding mode, the factor which significantly influences the clonal 
diversity and genetic differentiation of a clonal plant. Sexual reproduction and genetic flow dispersal play 
relatively weak roles in reducing the differentiation among a population. When there is a great obstacle 
among populations in genetic communication, the percentage of genetic variation among populations 
increases and the genetic variation level within populations drops [26]. 
In addition, the distribution layout and population scale could also affect the genetic structure of 
species. Distribution of the M. chinense population is fragmental because of the evolution of geological 
history and damage brought about by human activities. The population scale thus decreases. The genetic 
differentiation among populations fragmentally distributed may increase due to long-term geological and 
reproductive isolation. Self-hybridization and genetic drifting often appear in small populations, thereby 
increasing the genetic differentiation among populations. 
Summary 
In the present study, clonal diversity and genetic differentiation of endangered liana species 
Monimopetalum chinense populations in Poyang Lake basin were studied by using inter-simple sequence 
repeat (ISSR) markers. According to the results, the effective conservation measures were produced. The 
results indicated that the population has high clonal diversity (D = 0.9969). In addition, there was great 
clonal differentiation among populations with no widespread genotyes. Genetic variation at the species 
level or at the population level are all lower (species level: PPB = 39.2%, HT = 0.129; Populations level: 
PPB = 15.64%, HS = 0.0557) than that of most other clonal plants. Strong genetic differentiation among 
populations was detected in M. chinense, with 49.06% of total genetic variation (AMOVA, Analysis of 
molecular variance), 0.5672 of Nei's gene differentiation coefficient (GST ) and 0.5464 of Shannon 
information index. The population fragmentation since the end of Tertiary period, genetic drift of small 
population size and the form of inbreeding reproduction would have contributed to such genetic 
differentiation among populations of M. chinense. Based on these findings, it was suggested that these 
populations with relatively high genetic diversity should be protected in situ whereas simultaneously 
raising public awareness of this rare species, so that the genetic diversity of M. chinense could be 
conserved effectively. 
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